Ključne besede: Gioseffo Zarlino, glasbena teorija, renesansa, vprašanje o uglasitvi IZVLEČEK Prispevek obravnava vprašanje o uglasitvi, kot se kaže v osrednjem glasbenoteoretskem spisu Gioseffa Zarlina Istitutioni harmoniche (1558). Predstavljen je sistem uglasitve, ki ga Zarlino utemeljuje v vokalni glasbi (sintonični diatonični sistem), prikazane so njegove omejitve in slednjič njegova prilagoditev (temperacija) za rabo v instrumentalni glasbi.
Zarlinov čembalo: prispevek k (pred)zgodovini enakomerne uglasitve In 1548, Domenico da Pesaro constructed a gravecembalo for Gioseffo Zarlino, the description and sketch of which were later included in the theorist's famous treatise, Istitutioni harmoniche (1558) . 1 The instrument immediately draws a modern reader's attention. It is quite unconventional, with many more keys on the keyboard than one would expect to find on a modern piano: Not one but two chromatic keys are placed between diatonic keys framing a whole tone, and there is even an additional chromatic key between those diatonic keys that frame a semitone. Therefore, questions may be posed about why the instrument was constructed this way and what the function of so many keys on its keyboard could be. Figure 1 : The sketch of the instrument that Domenico da Pesaro constructed for Gioseffo Zarlino in 1548 (Gioseffo Zarlino, Istitutioni harmoniche (Venezia, 1558 , 141).
The answers to the posed questions are closely connected to the tuning of Zarlino's harpsichord. The tuning question (the theoretical search for an acoustic system within which practical music evolves) was one of the key questions discussed by the renaissance music theorists in their treatises. For centuries, the Pythagorean system, founded on perfect consonances whose ratios can be described by the first four numbers, 2 prevailed. However, with the rise of equal-voice polyphony, besides the Pythagorean perfect consonances, the pleasant-sounding thirds and sixths were becoming more and more important, and the framework of the Pythagorean system soon became too narrow: The Pythagorean tuning had to be adjusted (tempered) to the contemporary musical reality, and in Istitutioni harmoniche, Zarlino presented his proposal for the system.
The ancient system as the basis for Zarlino's discussion of the tuning question
Like many other renaissance theorists, Zarlino bases his discussion of the tuning system in Istitutioni harmoniche on several important ancient music theorists' writings, above all Boethius' and Ptolemy's. Consequently, the model for his system is a When he explains the construction of his system, Zarlino also gives a detailed account of some of the species of all three tetrachord genera. 4 At the beginning of this presentation, the theorist informs us that he will not deal with Aristoxenus', Archytas', Didymus', or Eratosthenes' divisions of the tetrachord, as they were rejected by both Boethius and Ptolemy and are therefore useless. 5 He will only discuss the divisions that according to Ptolemy were accepted as the best by the musicians of his time. In Zarlino's opinion, these are the most rational (rationali), and the ear hears them as the 3 Zarlino dedicates the major part of the Istitutioni's second book to the construction of the double-octave system in which the ancient Greater and Lesser Perfect Systems are joined (see above all Zarlino, Istituzioni armoniche, As is commonly known, in the core of the ancient Greek tonal system was the tetrachord. It was based on the interval, which the Greek music theorists understood as the smallest consonance: Each tetrachord was composed of four tones, the outer two always being in the ratio of the fourth. On the other hand, the inner two were movable and could divide the fourth in many different ways, thus forming many different variants of the tetrachord, some of them more similar to each other than others. Consequently, it was already Aristoxenus (fourth century BC) who systematized three different genera of music, the diatonic (in a modern approximation composed of the interval sequence semitone -tone -tone), the chromatic (semitone -semitone -minor third), and the enharmonic (quartertone -quartertone -major third). The tetrachords systematized into one of the given genera became their species. Aristoxenus discussed the genera of music in the first and second books of Harmonica Stoicheia (Andrew Barker, Greek Musical Writings II (Cambridge: Cambridge University Press, 1989), 139-144, 159-161) . 5 Boethius deals with the divisions of the tetrachord in Chapters 15, 16, 17, 18, and 19 of Book 5 (Boethius, Fundamentals of Music, [174] [175] [176] [177] [178] [179] ; however, he almost literally follows Ptolemy, who discusses the subject in Chapters 12, 13, 14, 15, and 16 of Book 1 of Harmonika (Barker, Greek Musical Writings II, (301) (302) (303) (304) (305) (306) (307) (308) (309) (310) (311) (312) (313) (314) most consonant (più consonanti al udito). 6 The tetrachord species Zarlino discusses in Istitutioni are listed in the table below. To make things clearer, a presentation of the modern approximations of the ancient tetrachord genera has been added to it (figure 3), and the values of interval ratios (R) have been calculated in cents (C). Zarlino in Istitutioni. 7 In connection with the just-listed species of tetrachord, it should be noted that the above-presented double-octave system of 16 tones can only be the result of the construction based on the tetrachord species used by Zarlino (following Boethius): It has to be constructed with the first species of the diatonic tetrachord (ditonic diatonic). 8 If 6 Zarlino, Istituzioni armoniche, [186] [187] The sum of the cents in a single table row has to be 498 -it is the size of the fourth in the ratio 4:3 (which at the same time is the sum of all single table row ratios). 8 As can be seen in the above Table 1 , the ditonic diatonic tetrachord is composed of a diatonic semitone in the ratio of 256:243 and two equal whole tones in the ratio of 9:8. It is on this tetrachord that the so-called Pythagorean tuning system, founded on ratios that were supposed to have been discovered in audible music already by Pythagoras, was built. The whole tone in the ratio of 9:8 can actually be expressed as a difference between the fifth (3:2) and fourth (4:3): 3 ---2 : 4 ---3 = 3 ---2 • 4 ---3 = (9:8). Moreover, the ratio of the diatonic semitone 256:243 can be expressed as a difference between the fourth (composed of two whole tones and a semitone) and two whole tones: 4 ---3 : 9 ---8 : 9 ---8 = 4 ---3 • 9 ---8 • 9 ---8 = (256:243). Also constructed on the ditonic diatonic tetrachord is the system in Boethius' Fundamentals of Music. the system were built on any other tetrachord species, the result could be different. The differences would indeed occur within tetrachords synemmenon and diezeugmenon, namely between paranete synemmenon and trite diezeugmenon and between nete synemmenon and paranete diezeugmenon. If we assumed that all semitones in the system were of the same size (for example 100 cents, as it is common in modern tuning), then the named tones would sound in unison:
Since in a ditonic diatonic tetrachord the semitone in the ratio of 256:243 is followed by two equal tones in the ratio of 9:8, paranete synemmenon and trite diezeugmenon and nete synemmenon and paranete diezeugmenon are of the same relative pitch:
Quite to the contrary, the differences between the tones in question would emerge if the system were constructed with any of the other diatonic tetrachords. In the first of the tables below, the ratios of all five species of diatonic genre are compared. For a clearer image, the second table shows the summarized ratios between mese and paranete synemmenon and mese and trite dizeugmenon, whereas in the third table, the summarized ratios between mese and nete synemmenon 9 and mese and paranete diezeugmenon are listed.
Diatonic tetrachord 1 ditonic
3 syntonic or tense 5 equal 2 soft 4 tonic
It can be observed that paranete synemmenon and trite diezeugmenon differ in pitch in soft, tonic, and equal diatonic tetrachords and that nete synemmenon and paranete diezeugmenon are different in soft, syntonic, and equal diatonic tetrachords. Thus, the system will only include 16 tones if built with the ditonic diatonic tetrachord. If it were constructed with the syntonic or tonic diatonic tetrachord, the number would increase to 17, and if the soft or equal diatonic tetrachord were taken as its foundation, there would be 18 different tones in the system. Moreover, the use of different chromatic or enharmonic species or even a merging of all three genera in a unified system (which is actually done in Istitutioni 10 ) would result in many more variants; in this case, the system could include even more than 30 different tones.
Zarlino's syntonic diatonic tuning in vocal music
After the construction and exploration of the system in all of the presented species of all three musical genera, the next obvious step for Zarlino is to find the one used in contemporary music or -in other words -to determine the contemporary tuning. He maintains that up to his time, everyone was convinced that in playing and singing, the first species of diatonic genre, namely the ditonic diatonic, was used; it was advocated by both ancient and modern theorists. 11 Zarlino does not agree with them: He is convinced that in contemporary music, the syntonic diatonic tuning is in use. The syntonic diatonic system is constructed on the syntonic diatonic tetrachord, in which a diatonic semitone in the ratio of 16:15 is followed by two different tones in the ratios of 9:8 and 10:9. The syntonic diatonic system is one of those combinations mentioned above that would include 17 tones, as in it, nete synemmenon and paranete diezeugmenon differ in pitch. In this case, the difference between them is the difference between the major tone in the ratio of 9:8 (trite diezeugmenon -paranete diezeugmenon) and the minor tone in the ratio of 10:9 (paranete synemmenonnete synemmenon); it is in the ratio of 81:80. 12 Figure 5 : System in the syntonic diatonic genre.
Zarlino describes the interval that occurs as the difference between the major and minor tones as the smallest interval (minimo intervallo) and names it comma. 13 Even if it is small and cannot be used on its own, it doesn't mean it's entirely useless, Zarlino explains. Only with the help of this interval can the fifth between d and a 14 and the minor third between d and f 15 be obtained. If in practice, in singing and playing instruments, the comma were used on its own, it wouldn't please the ear. However, nature has seen to it that its effect is dispersed through the voices and does not affect the hearing, Zarlino concludes. 16 Zarlino is convinced that intervals, as they were created by nature, can only be found within the ratios of the syntonic diatonic system: According to senario, 17 only
. 13 Zarlino, Istituzioni armoniche, 262. Since the comma in question originates in the difference between the major and minor tones of the syntonic species of diatonic genera, it is called syntonic comma; its size is 21.5 cents. 14 Between d and a there is a diminished fifth in the ratio of 40:27: 10 - 40:27) . If the comma (81:80) is added to it, the result is the fifth in its true ratio 3:2: 40 -
Between d and f there is a diminished minor third in the ratio of 32:27: 16 - (32:27) . If the comma (81:80) is added to it, the result is the minor third in its true ratio 6:5: 32 - Zarlino, Istituzioni armoniche, 262. 17 As is well known, in Istitutioni, Zarlino rejects the Pythagorean system founded on the first four numbers, from which the ratios of perfect consonances can be derived. Besides the Pythagorean consonances, he also defines thirds and sixths as consonant intervals (although imperfect). However, the thirds and sixths did not sound good in the Pythagorean system since their ratios are quite complex (32:27, 81:64, 128:81, and 27:16) . Therefore, instead of number four (numero quaternario), Zarlino advocates the importance of number six (numero senario). In addition to the ratios of perfect consonances, from the first six numbers, the simpler ratios of better-sounding major (5:4) and minor (6:5) third and major sixth (5:3) can be derived. Since the ratio of minor sixth (8:5), which was also considered to be consonant, remains outside the first six numbers, along with the number six, Zarlino also advocates the importance of number eight. For a more detailed description of senario, see Zarlino, Istituzioni armoniche, [61] [62] [63] [64] [65] [66] [67] [68] [69] [70] [130] [131] [132] [133] the thirds in the ratios of 5:4 (major) and 6:5 (minor) and sixths in the ratios of 5:3 (major) and 8:5 (minor) are consonant, and these are only present in the syntonic species of diatonic genre. 18 Figure 6 : The ratios of thirds in the syntonic diatonic genre. Figure 7 : The ratios of sixths in the syntonic diatonic genre.
After discovering that the consonant thirds and sixths are only present within the syntonic diatonic genre, Zarlino considers all the other diatonic species imperfect: There is no perfect harmony within them. 19 And if there is no perfect harmony within the other diatonic species, how could it ever be present within the chromatic or enharmonic genre? Their species are not only without imperfect consonances but, in many cases, also without the perfect ones, Zarlino concludes. 20 Since in syntonic tuning only untempered intervals in their basic (natural) ratios are used, it is also referred to as just intonation or natural tuning. 21
The weaknesses of syntonic diatonic system Although Zarlino advocates it as the only perfect system, there are some discrepancies to be found in the syntonic diatonic tuning as well. From the above figures 6 and 7, it is clear that not all of the thirds and sixths are in the ratios defined as natural by Zarlino after all: Between d and f, there is the already mentioned third in the ratio 18 of 32:27, which is a comma smaller than minor third in the regular ratio of 6:5, and between f and d, there is a sixth in the ratio of 27:16, which is a comma larger than the major sixth in the regular ratio of 5:3. 22 Some discrepancies can also be found among the intervals of fourth, fifth, and seventh. Besides the fourth (4:3) and the tritone (45:32), there is also an augmented fourth in the ratio of 27:20 (a comma larger than pure 23 ) present in the system. Besides the fifth in the ratio of 3:2 and the semidiapente in the ratio of 64:45, there is the fifth in the ratio
of 40:27 (a comma smaller than pure 24 ). And finally, besides the major (15:8) and minor (9:5) sevenths, there's also the one in the ratio of 16:9 (a comma smaller than minor 25 ). In addition to the discrepancies just listed, it is the two different tones (9:8 and 10:9) that represent a special and perhaps even bigger problem in the system. For better understanding, in the following table, a comparison between the intervals of syntonic diatonic and modern (equally tempered) tuning is given. As can be seen, the differences are significant, especially if one considers them in the context of 16 th -century polyphony. While in the case of equally tempered tuning (based on an absolute mathematical division), the various combinations of intervals in a composition are not a problem, considerable discrepancies leading to distunement could occur in the case of syntonic diatonic tuning (based on the intervals in their pure ratios). Let's imagine a 16 th -century polyphonic composition of equal voices that intertwine with all of the listed untempered syntonic intervals: Both between consequent chords and within individual chords, discrepancies could quickly occur. With a careful composer and singers' ability to adjust their intonation while singing, in vocal music, these discrepancies could mostly be avoided. 26 On the other hand, to make all the intervals in instrumental music simultaneously consonant, above all those on keyboard instruments, represented a serious problem: If, for example, the thirds were
Interval
--------9 = (16:9). 26 The singers' adjustment of pitch in the case of syntonic intervals whose ratios differ from their pure forms (for example, the diminished fifth in the ratio of 40:27) is also confirmed by Zarlino (Zarlino, Istituzioni armoniche, 262) . In a way, this means that the syntonic diatonic tuning was not consistently employed. consonant, the octaves and fifths were not in their true ratios and vice versa. The just said can be illustrated with the juxtaposition of the series of four fifths and the series of two octaves plus a major third. Figure 11 : The juxtaposition of four fifths and two octaves plus a major third.
In the case of modern equal temperament (in which the size of all semitones is 100 cents), the last tone in the series of four fifths (fifth = 7 semitones = 700 cents; 4 • 700 = 2800 cents) and the last tone in the series of two octaves plus a major third (octave = 12 semitones = 1200 cents, major third = 4 semitones = 400 cents; 2 • 1200 + 400 = 2800 cents) will sound in unison. However, the result would be different if the syntonic intervals were used. In this case, the size of four fifths would be 2807.6 cents, whereas the size of two octaves with a major third would be 2786.09. The difference (a syntonic comma of 21.5 cents) is significant, and when thirds and sixths were already completely established as important intervals in compositions, it could have posed a serious problem.
Zarlino's temperament of the syntonic diatonic system in instrumental music
Zarlino was aware of the presented problems and of the fact that it is impossible to solve them within the framework of syntonic diatonic tuning. In Istitutioni, he clearly states that none of the presented species of diatonic genre is (and none can be) used in the tuning of instruments. 27 In order to achieve concordance between various intervals, they must, in fact, be slightly changed, tempered. The temperament, however, has to be small enough that the thirds still sound consonant and please the ear (even if they aren't in their natural ratios). The starting point for instrumental tuning advocated in Istitutioni is therefore the temperament of the syntonic diatonic system. The latter can be performed in three different ways: 28 (1) All of the intervals become irrational. 29 (2) Major third and minor sixth remain rational and perfect, whereas all other intervals become irrational. (3) Minor third and major sixth remain rational and perfect, whereas all other intervals become irrational. In all three cases, some sort of median system between the Pythagorean and syntonic will emerge: In the equality of tones, it will resemble the first, and in the consonance of all other intervals, the second.
In modern theorists' opinion, the temperament in question is the product of a long and thorough study, says Zarlino, who doesn't agree with them at all: He is certain that musicians only discovered this temperament by coincidence, when one of them incidentally tuned his instrument this way. Since both thirds and sixths were not treated as consonances in the past, the theorists certainly didn't make the effort of including them in the system. 30 Thus in Zarlino's opinion (regardless of its accuracy), the instrumental tuning was discovered by coincidence in musical practice and was not the result of theoretical deliberations -just as thirds and sixths are consonant because (unlike in the past and especially in antiquity) they are used as such in the contemporary practice. 31 A detailed presentation of the temperament of the syntonic diatonic system, made in accordance with the first of the three given possibilities, follows. The starting point for its realization is the division of the syntonic comma found between nete synemmenon and paranete diezeugmenon. 32 As a result, both tones will sound in unison, and in number of tones, the system will become equal to ditonic diatonic, since it will only include 16 tones instead of 17. 33 The distribution of the comma has to be made in such a way that it will alter the order and the form of the intervals as little as possible and the hearing won't be offended, Zarlino continues to explain. With that in mind, the temperament of the individual intervals is as follows: 34
(1) Each fifth has to be diminished by 2/7 of a comma, and each fourth has to be augmented by the same amount; since together they form the octave (which is unchangeable), the amount taken from the first has to be added to the other. (2) The major third is diminished by 1/7 of a comma, and the minor third is diminished by the same amount; since these two consonances together form the fifth that was diminished by 2/7 of the comma, they must both share an equal part of that temperament and become equally imperfect. (3) The major tone is diminished by 4/7 of a comma, and the minor tone is augmented by 3/7 of a comma; this way, together they will be equally imperfect as their whole, which is the major third diminished by 1/7 of a comma. (4) The major semitone is augmented by 3/7 of a comma; since with the major tone it forms the minor third, this way their sum will equal it. (5) Both sixths are augmented by 1/7 of a comma, the major sixth being formed from the fourth and the major third, and the minor sixth from the fourth and the minor third. 30 Zarlino, Istituzioni armoniche, 265. 31 As can be concluded from Zarlino's explanation, in Istitutioni, he actually gives a theoretical description of a system that had already been in use among practicing musicians for quite some time. Therefore, the system is by no means his invention as Mark Lindley maintains (see Mark Lindley, "Zarlino's 2/7-comma meantone temperament," in Music in performance and society: Essays in honor of Roland Jackson, ed. Malcolm S. Cole and John Koegel (Detroit: Harmonie Park Press, 1997): 179-194, in particular, 181, 183) ; in the best case, Zarlino was the first to theoretically describe it. 32 Zarlino, Istituzioni armoniche, 267. As was already mentioned, Zarlino defines the comma as the smallest interval, which is, however, at this point still further divided for the purpose of temperament of the syntonic diatonic system. As it will be shown further on, the smallest interval used by Zarlino is therefore actually a 1/7 comma, which, however, is irrational since it cannot be expressed with a fraction. Zarlino's division of the comma and the use of its parts for the temperament of the alreadyconstructed system is indeed an important theoretical concept, since intervals smaller than the comma were not considered by theorists in this way before. 33 Zarlino refers to the above-presented system of united tetrachords in the diatonic genre together with tetrachord synemmenon.
As was already clarified, since in the ditonic diatonic genre there is only one sort of tone in the ratio of 9:8, nete synemmenon and paranete diezeugmenon will be of the same relative pitch. 34 Zarlino, Istituzioni armoniche, [267] [268] If the temperament is made according to the given instructions, all intervals (except the octave) will be outside their true ratios. Since they will only be changed by small amounts, however, the hearing will not be too affected. This shouldn't surprise us, since it is commonly known that the senses are not perfectly accurate and are often not able to observe small differences, Zarlino maintains, and he goes on to justify the temperament with the comparison to other disciplines as well: Imperfection may be found in every art and in every other creation too. 35 The resulting intervals will all be irrational, Zarlino explains: The parts of a comma that are added to or taken from them are all irrational and unintelligible (irrationali e incognite), since they cannot be described by definite numbers. 36 As we could imagine, the main difficulty of the described procedure was the exact search for the needed parts of a comma. Since it cannot be divided rationally, Zarlino recommends the use of a special geometrical tool, mesolabe, for its division -he, however, does not describe the exact procedure. 37 It is difficult to imagine that, with the use of this geometrical method, an interval as small as a comma could be accurately divided into seven parts, which would then have to be even more accurately added to or taken from the already-existing intervals. Let us thus try to test Zarlino's temperament instructions with the help of individual interval values, calculated into cents, wherein 1/7 of a comma equals approximately 3.07 cents. In the following table, the comparison (in cents) of syntonic, Zarlino's tempered syntonic, and modern equally tempered tuning is given. Let us now return to the above juxtaposition of four fifths and two octaves plus a major third and examine it with the values of Zarlino's tempered intervals. Figure 12 : The juxtaposition of four fifths and two octaves with a major third in Zarlino's tempered intervals.
Interval
As can be seen, Zarlino's temperament works: The difference between the values of the series of four fifths and that of two octaves with a major third is negligible (0.03 cents). Furthermore, let us check the effect of Zarlino's temperament on the abovepresented discrepancies within the syntonic diatonic tuning. Zarlino's tempered system (in cents) .
Figure 13: Values of tones and semitones in
As it was presented, the discrepancies between the intervals were those of the third d-f, the fourth a-d, the fifth d-a, the sixth f-d, and the sevenths b-a, f-e, and g-f; they all differed from the corresponding intervals in their true ratios by a comma. It is precisely in the case of discrepant intervals that the effect of Zarlino's distribution of the comma among all intervals can most clearly be observed: Even if after the temperament none of them is in its true ratio, they are nevertheless all of the same value. The minor third between d and f (191.60 + 120.93 = 312.53) is thus equal to the minor third between e and g (120.93 + 191.60 = 312.53) and to all other minor thirds; the same can be said for all of the other intervals in question as well. Therefore, the temperament results in equal intervals, wherein the equal tones seem to be of major importance: It is after them that this kind of temperament has been named meantone temperament (the tempered tone is in between the minor and major syntonic tones). 38 Even if the system was constructed and tempered in the just-presented way, some discrepancies remained. The main problem was connected to the manner in which the instruments were tuned: Since the instruments were not tuned in tones but in fifths (following the fifth circle), 39 the discrepancy of the tuning with tempered fifths was even bigger than that of the tuning with the twelve pure fifths (3:2). The difference may be illustrated with the juxtaposition of 12 fifths and seven octaves (the latter are in the unchangeable ratio of 2:1 in both cases). 40 38 For a more detailed account, see Ravnikar, Osnove glasbene akustike, [39] [40] and Duffin, How Equal Temperament Ruined Harmony, [34] [35] The tuning in fifths is also mentioned by Zarlino (Zarlino, Istituzioni armoniche, 268) . 40 As was demonstrated in the above Table 2 , the value of the octave in modern equal temperament (1200 cents) is quite close to the value of the octave in the ratio of 2:1 (1199.91 cents); the difference between them (0.09 cents) is negligible. If the fifths in their pure ratios were used, the difference between the last notes in the series of 12 fifths and seven octaves would be 23.43 cents. 41 If the tempered fifths were used, the difference would be considerably larger, namely, 50.25 cents. 42 As a consequence, the last (twelfth) fifth was by this amount larger than the others. It was called the wolf fifth and it was placed in a way that it could most easily be avoided in compositions, usually between c♯ and g♯ (a♭ ) or between g♯ and d♯ (e♭ ). 43 After the temperament instructions are given in Istitutioni, the division of the monochord in the tempered system is explained (and thus the practical, audible test of the system is performed). 44 Zarlino hopes that the detailed presentation given will be of use to everyone who wishes to understand the true intervals of the tempered tuning and above all to instrument makers. 45 From the mathematical-acoustical point of view, the major problem of the presented division of the monochord in the tempered syntonic system is its accuracy: Zarlino looks for the parts of the comma with the alreadymentioned geometrical tool mesolabe and transfers them to the monochord's string (that is, to the line drawn underneath it) with a pair of compasses.
The intensity and versatility of Zarlino's study of the tuning question may also be confirmed by the fact that he not only tried out the theoretically determined ratios on the monochord, but on Pesaro's harpsichord as well. As described in Istitutioni, 46 the instrument was tuned in Zarlino's tempered syntonic tuning, expanded with the tones of the chromatic and enharmonic genera. Thus, besides the diatonic keys (larger white keys), the chromatic keys (smaller black keys) and enharmonic keys (smaller white keys) were installed on its keyboard as well. The chromatic (minor) semitone was the difference between the tempered tone (191.60 cents) and the diatonic (major) semitone (120.93 cents): The difference is 70.76 cents, which equals the ratio of 25:24. 47 Figure 15 : Division of the tempered tone on Zarlino's harpsichord into diatonic (major) and chromatic (minor) semitones.
The major semitone was further divided enharmonically into two dieses (quartertones). The lower of these intervals was larger and equal to the minor semitone (25:24), whereas the upper was smaller, in the ratio of 128:125 augmented by 3/7 of a comma. Together, they formed the major semitone in the ratio 16:15 augmented by 3/7 of a comma. 48
Figure 16: Division of tempered major semitone on Zarlino's harpsichord into major and minor dieses.
With the presented division of the tone, Zarlino actually made the chromatic raising and lowering of all diatonic notes possible. Since the signs for sharp and flat notes in fact denoted the raising or lowering of the note by a chromatic (25:24) and not a diatonic semitone, 49 the tones g♯ and a♭ , for example, did not sound in unison but differed by a minor diesis in the ratio of 128:125 (in the case of syntonic or pure intonation) or by the same interval, augmented by 3/7 of a comma (in the case of tempered syntonic system or meantone temperament).
Figure 17: Division of tempered tone on Zarlino's harpsichord into two minor semitones and minor diesis.
Because the whole tone and the diatonic semitone were both divided into smaller units, the octave on Zarlino's harpsichord was divided into no less than 20 different tones.
48 For a detailed explanation, see Zarlino, Istituzioni armoniche, [290] [291] [292] [293] Istituzioni armoniche, [289] [290] 355. 
Conclusion
Based on everything presented, it is clear that in Zarlino's opinion, two different tuning systems were used in his time. True, pure or natural intervals were only present in the syntonic diatonic tuning, which was only used in singing. On the other hand, in instrumental music, the intervals in their true forms could not be used, so for the purpose of tuning instruments, the system had to be tempered. For Zarlino, this duality is not surprising at all: Singing voices are natural, and nature is much better at creating things than art, the products of which are the (artificial) instruments. In fact, art only imitates nature, and everything that is created by art is imperfect compared to what is created by nature. 50 That explained, a question becomes self-evident: What about the tuning in compositions in which voices and instruments conjoin? Zarlino gives the following answer: Nature always aims to adjust to the good. Since the hearing cannot suffer the dissonance that would most certainly happen if the singers were to stick with the intervals based on senario, the voice tries to adjust to the instruments as much as possible. By its nature, the human voice is actually able to adjust to both the lower and the higher pitches, whereas the artificial instruments are unable to do so. Such is the case in vocal-instrumental music -however, when the instruments and voices are separated again, the voices will return to their perfection, while the instruments will remain imperfect, Zarlino concludes. 51 If Zarlino's discussion on tuning is considered from a historical point of view, the following may be concluded: The audible world of the modern musician is built on the equal temperament. The audible world of the renaissance musician was, quite to the contrary, built on intervals determined by the natural ratios: Every deviation from them (every temperament) meant a step on the way towards dissonance and something unnatural. However, because of the changes in music linked to the rise of polyphony, temperament was necessary. Therefore, various and at times quite sharp discussions on the tuning question among the 16 th -century musical theorists (and musicians in general) are not surprising at all: Different ideas were advocated, experiments were performed, special instruments were constructed, etc. In this context, Zarlino's discussion on the tuning question may be seen as one of the first steps towards the modern equal temperament, although there was still a long way to go before arriving there. From this point of view, the temperament of the system (of which, as a product of historical development, the modern tuning is the final result) was in fact its distunement.
